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(54) [TITLE OF THE INVENTION] MICROWAVE PLASMA SYSTEM 
(57) [ABSTRACT] 

[PURPOSE] To provide a microwave plasma system that can 
generate a plasma of a uniform density and process a surface 
of a sample at a uniform speed. 

[CONSTITUTION] A microwave plasma system having a microwave 
waveguide 14 for guiding microwaves to a plasma generation 
chamber 11, and an electromagnetic coil 18 provided around the 
plasma generation chamber 11, wherein the plasma generation 
chamber 11 is formed of a microwave transmissive material, one 
end of the microwave waveguide 14 is connected to a microwave 
oscillator, and the other end is formed so as to surround the 
plasma generation cheunber 11, and wherein a dielectric 
substance 13 is filled at a portion of the microwave waveguide 
14 surrounding the plasma generation chcimber 11. 



[Claim] 

[Claim 1] A microwave plasma system having a microwave 
waveguide for guiding microwaves to a plasma generation 
chamber, and an electromagnetic coil provided around the 
plasma generation chamber, wherein the plasma generation 
chamber is formed of a microwave transmissive material, one 
end of the microwave waveguide is connected to a microwave 
oscillator, and the other end is formed so as to surround 
the plasma generation chamber, and wherein a dielectric 
substance is filled at a portion of the microwave waveguide 
surrounding the plasma generation chamber. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a 
microwave plasma system and more particularly to a microwave 
plasma system having a microwave waveguide for guiding 
microwaves to a plasma generation chamber, and an 
electromagnetic coil provided around the plasma generation 
chamber . 
[0002] 

[Description of the Prior Art] The method of generating a 
plasma by electron cyclotron resonance (hereinafter referred 
to as ECR) excitation has advantages that it can generate a 
plasma of a high ionization degree at a low gas pressure, 
can select an ion energy within a wide rage, provide a large 
ion current, and is excellent in the directivity and 
uniformity of an ionic current. For this reason, research 
and development is brislcly advanced for its use for 
processes in manufacture of high frequency semiconductor 
elements, etc., such as thin film formation and etching. 
[0003] Fig. 3 is a sectional view schematically showing an 
etching system as an example of the conventional microwav 
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plasma system, and reference numeral 41 in the figure 
denotes a plasma generation chamber. The plasma generation 
chamber 41 is partitioned and constituted by a peripheral 
wall 41b of a cylindrical shape having a cooling water 
passage 41a formed in the interior thereof, an upper wall 
41c and a lower wall 4 Id, and a microwave introduction 
opening 42 is formed approximately in the center of the 
upper wall 41c. The microwave introduction opening 42 is 
closed by a microwave introduction window 43 arranged in the 
upper part thereof, and a lower end of a waveguide 44 is 
connected to the microwave introduction opening 42 through 
the microwave introduction window 43. The upper end of the 
waveguide 44 is connected to a microwave oscillator (not 
shown) , and microwaves generated by the microwave oscillator 
are introduced into the plasma generation chamber 41 through 
the waveguide 44 and the microwave introduction window 43. 
Furthermore, a gas supply pipe 45 is connected to the upper 
wall 41c, and an exiting coil 48 is arranged approximately 
concentrically with the plasma generation chamber 41 around 
the plasma generation chamber 41 and the lower end of the 
waveguide 44. 

[0004] On the other hand, a plasma drawing aperture 46 is 
formed in the lower wall 4 Id of the plasma generation 
chamber 41, and a sample chamber 47 which communicates with 
the plasma generation chamber 41 through the plasma drawing 
aperture 46 is provided underneath the plasma drawing 
aperture 46. A sample base 49 which holds a sample S by an 
electrostatic chuck, etc. is arranged in a part 
corresponding to the plasma drawing aperture 46 of the 
sample chamber 47, and an exhaust port 50 connected to an 
exhauster (not shown) is formed in a lower wall of the 
sample chcimber 47. 
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[0005] When performing etching to the sample S using the 
microwave plasma system constituted as mentioned above, 
after firstly setting the inside of the plasma generation 
chamber 41 and the sample chamber 4 7 to a necessary degree 
of vacuum and then supplying a necessary gas through the gas 
supply pipe 45 into the plasma generation chamber 41, 
microwaves are introduced in the plasma generation chamber 
41 through the waveguide 44 while forming a magnetic field 
by the exiting coil 48. As a result, resonance excitation 
of the gas is carried out using the plasma generation 
chamber 41 as a cavity resonator to generate a plasma in the 
plasma generation chamber 41. The generated plasma is 
projected on the vicinity of the sample S in the sample 
chamber 47 by means of a dispersed magnetic field which is 
generated by the exiting coil 45 and decreases its flux 
density toward the sample chamber 47 side, so that a surface 
of the sample S is etched. 
[0006] 

[Problem to be Solved by the Invention] In the above- 
mentioned microwave plasma system, a dispersed magnetic 
field is formed by the exiting coil 48, the charged 
particles move along the line of magnetic force, and ions in 
the plasma contributing to etching or film formation are 
incident on the sample S. However, since the microwave 
introduction opening 42 used as the section for microwave 
introduction to the plasma generation chamber 41 was 
localized at the central upper part of the plasma generation 
chamber 41, and since the plasma drawing aperture 46 was 
also formed in the central lower part of the plasma 
generation chamber 41, the distribution of the plasma 
density in the sample S surface became high in the center of 
the sample S, thereby posing a technical problem that the 
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processing speed was the highest in the central portion 
having the high plasma density and a film was not formed 
uniformly. 

[0007] This invention has been made in view of the above- 
mentioned technical problem, and an object thereof is to 
provide a microwave plasma system that can form a plasma 
uniformly distributed over a surface of a sample S, so that 
the processing speed in the sample surface by the plasma can 
be made uniform, and that can perform etching with an 
excellent etch shape and uniform film formation. 
[0008] 

[Means for Solving the Problem] In order to attain the 
above-mentioned object, the microwave plasma system of this 
invention is characterized in having a microwave waveguide 
for guiding microwaves to a plasma generation chamber, and 
an electromagnetic coil provided around the plasma 
generation chamber, wherein the plasma generation chamber is 
formed of a microwave transmissive material, one end of the 
microwave waveguide is connected to a microwave oscillator, 
and the other end is formed so as to surround the plasma 
generation chamber, and wherein a dielectric substance is 
filled at a portion o f the microwave waveguide surroundin g 
the plasma generation cheunber. 
[0009] 

[Function] Since the above mentioned microwave plasma system 
has a microwave waveguide for guiding microwaves to a plasma 
generation chamber, and an electromagnetic coil provided 
around the plasma generation chamber, wherein the plasma 
generation chamber is formed of a microwave transmissive 
material, one end of the microwave waveguide is connected to 
a microwave oscillator, and the other end is foinned so as to 
surround the plasma generation chamber, and wherein a 
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dielectric substance is filled at a portion of the microwave 
waveguide surrounding the plasma generation chamber, 
microwaves are introduced over the whole region inside the 
plasma generation chamber from the dielectric filled in the 
end portion of the microwave waveguide to generate a uniform 
density plasma in the plasma generation chamber, and the 
generated plasma is led to the sample by the magnetic field. 
Therefore, the plasma with a uniform density will arrive at 
the whole surface of the sample, so that etching or film 
formation is performed at a uniform speed. 
[0010] 

[Example] Hereafter, an example of the microwave plasma 
system according to this invention is described with 
reference to the attached drawings. 

[0011] Fig. 1 is a sectional view schematically showing an 
example of the microwave plasma system in accordance with 
this invention, reference numeral 11 in the figure denotes a 
plasma generation chamber formed in t he shape of a ci rcle as 
v"i"ewed from the upper side of the view shown in the figure, 
and the plasma generation chamber 11 is formed of a 
microwave transmissive bell jar 12 made of quartz. One end 
of a microwave waveguide 14 is connected to a microwave 
oscillator (not shown), and the other end is arranged so as 
to surround the bell jar 12 made of quartz. The portion of 
the microwave waveguide 14 surrounding the quartz bell jar 
12 is filled up with a dielectric 13 made of Teflon. The 
dielectric 13 is sufficient as a dielectric line, as long as 
it has a certain degree of thiclcness (for example, about 20 
mm) , and the state of radiation of microwaves into the 
plasma generation chamber 11 from the dielectric 13 can be 
adjusted by making the thiclcness of the dielectric JJB sni^ 
or omitting the dielectric 13 on the way. Moreover, the 
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upper end of the dielectric 13 is cut so as to form an 
inclined plane, and the reflection of microwaves from the 
microwave oscillator on the upper end surface can be reduced 
by forming the inclined plane 13a in this way. Thus, the 
microwaves generated by the microwave oscillator travel 
through the microwave waveguide 14 and the dielectric 13, 
pass thorough the bell jar 12 made of quartz, and are led 
into the plasma generation chcimber 11. 

[0012] A sample chamber 17 which communicates with the 
plasma generation chcimber 11 through a plasma drawing 
aperture 11a is provided below the plasma generation chamber 
11, 

[0013] Moreover, a sample base 19 for holding a sample S by 
an electrostatic chuck, etc. is provided in a part opposed 
to the plasma drawing aperture 11a approximately at the 
center of the sample chamber 17, and an exhaust port 20 is 
formed in both sides of the sample base 19. 
[0014] On the other hand, an electromagnetic coil 18 is 
arranged in the surrounding in the vicinity of the plasma 
generation chamber 11 and of the lower end portion of the 
microwave waveguide 14 approximately concentrically with the 
plasma generation chcimber 11. 

[0015] In the thus constituted microwave plasma system, 
after placing a sample S on the sample base 19, the inside 
of the plasma generation chamber 11 and the sample chamber 
17 is set to a necessairy degree of vacuum, and a necessary 
gas is supplied through a gas supply pipe (not shown) into 
the plasma generation chamber 11. Then a direct current is 
passed through the electromagnetic coil 18. Microwaves are 
led to the plasma generation chamber 11 through the 
microwave waveguide 14 and the dielectric 13 to generate a 
plasma in the plasma generation chamber 11. On the other 
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hand, the energization of the electromagnetic coil 18 forms 
a downward magnetic field uniformly over the whole region 
inside the plasma generation chamber 11, and the plasma is 
applied in a uniform density to the sample S by the 
dispersed magnetic field. 

[0016] Thus, by introducing microwaves into the plasma 
generation chamber 11 from the microwave waveguide 14 while 
forming a magnetic field, resonance excitation of the gas 
will be carried out, using the plasma generation chcimber 11 
as a cavity resonator, so that a plasma will be generated 
efficiently in a large area in the plasma generation chamber 
11. Moreover, since microwaves are supplied in a uniform 
density into the plasma generation chamber 11 with the 
dielectric 13, a plasma will be generated uniformly 
approximately in the whole region inside the plasma 
generation chamber 11, the ions in the plasma will be 
incident in a uniform density on the sample S, so that the 
processing of the surface of the sample S will be performed 
at a uniform speed. 

[0017] Fig. 2 is a sectional view schematically showing 
another example of the microwave plasma system of this 
invention, and reference numeral 21 in the figure designates 
a plasma generation chamber formed in the shape of a semi- 
sphere. The plasma generation chamber 21 is formed of a 
bell jar 22 made of quartz which is microwave transmissive , 
and one end portion of a microwave waveguide 24 is arranged 
so as to surround the quarts bell jar 22. The end portion 
of the microwave waveguide 24 is filled up with a dielectric 
23 made of Teflon, and the microwave oscillator side end of 
the dielectric 23 forms an inclined plane 23a. Moreover, 
the right end of the microwave waveguide 24 is connected to 
a microwave oscillator (not shown). Thus, the microwaves 
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generated by the microwave oscillator travel through the 
microwave waveguide 24 and the dielectric 23, pass thorough 
the bell jar 22 made of quartz, and are led into the plasma 
generation chamber 21. 

[0018] A sample chamber 27 which communicates with the 
plasma generation chamber 21 is provided below the plasma 
generation chamber 21. 

[0019] Moreover, a sample base 19 for holding a sample S by 
an electrostatic chuck, etc. is provided approximately at 
the center of the sample chamber 27, and an exhaust port 30 
is formed at the lower side of the sample base 19. 
[0020] On the other hand, an electromagnetic coil 28 is 
arranged in the surrounding in the vicinity of the plasma 
generation chamber 21 and of the lower end portion of the 
microwave waveguide 24 approximately concentrically with the 
plasma generation chamber 21. 

[0021] The example shown in Fig. 2 exhibited the same 
function and effect as the example shown in Fig. 1. 
[0022] 

[Effect of the Invention] As is seen from the above 
description, in the microwave plasma system of this 
invention which has a microwave waveguide which leads 
microwaves to a plasma generation chamber and an 
electromagnetic coil provided around the plasma generation 
chamber, in which the plasma generation chcimber is formed of 
a microwave transmissive material, one end of the microwave 
waveguide is connected to a microwave oscillator, the other 
end is formed so as to surround the plasma generation 
chamber, and the plasma generation chamber is filled up with 
a dielectric, microwaves are introduced over the whole 
region inside the plasma generation chamber through the 
microwave waveguide and the dielectric, thereby generating a 
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uniform density plasma in the plasma generation chamber. 
Therefore, the plasma is uniformly supplied to the surface 
of the sample, so that the surface of the sample can be 
processed at a uniform speed. 
[Brief Description of the Drawings] 

[Fig. 1] is a sectional view schematically showing an 
example of the microwave plasma, system in accordance with 
this invention; 

[Fig. 2] is a sectional view schematically showing another 
example of the microwave plasma system in accordance with 
this invention; and 

[Fig. 3] is a sectional view schematically showing a 
conventional microwave plasma system. 
[Description of reference numerals] 

11, 22 plasma generation chamber 

12, 22 bell Jar made of quartz 
14, 24 microwave waveguide 

18, 28 electromagnetic coil 
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